BACKGROUND Dermatofibrosarcoma protuberans (DFSP) is a rare cutaneous sarcoma for which data on risk factors, incidence, and survival are limited.
D ermatofibrosarcoma protuberans (DFSP) is a rare cutaneous sarcoma of intermediate malignancy. More than 90% of DFSP tumors are characterized by a t (17;22) translocation that produces a platelet-derived growth factor beta (PDGF-b)/collagen Type 1A1 fusion gene, [1] [2] [3] leading to the constitutive production of collagen. Dermatofibrosarcoma protuberans is notable for its progressive growth and high local recurrence after surgical resection [4] [5] [6] but for low metastatic potential.
from 2000 to 2010, referred to as SEER-18. 9 was established in 2000 and now accounts for 27.8% of the total US population. SEER registries collect data on patient demographics, tumor characteristics (primary site, morphology, and state at diagnosis), treatment, and vital status.
Patients given the diagnosis of DFSP as their first cancer, who lived at least 2 months beyond their diagnosis date, were included in this study. Dermatofibrosarcoma protuberans diagnosis was defined as code 8832/3 in the International Classification of Diseases for Oncology, Third Edition. 10 Autopsy cases and patients only given a diagnosis by death certificate were excluded from analysis. Data for the pigmented form of DFSP (Bednar tumor), coded as 8833/3, was examined separately.
Descriptive analysis of the SEER-18 DFSP population was performed. Cases were grouped into 2 sexes: male and female; 5 age-at-diagnosis groups: #19 years, 20 to 39 years, 40 to 59 years, 60 to 79 years, $80 years; 4 racial groups: white, black, other (Native American/ Alaska Native, Native Hawaiian/Pacific Islander), and unknown; and 6 anatomic tumor sites: trunk, upper limb, lower limb, head, genitals, and other. Cases were further stratified by anatomic site according to age at diagnosis.
The data were analyzed using SEER*Stat 8.0.4.
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Incidence rates were calculated using SEER*Stat 8.0.4 and expressed as cases per million person-years. Overall incidence from 2000 to 2010 and annual incidence rates were calculated for the entire DFSP population. Overall incidence rates and incidence rate ratios were calculated for each race, sex, and registry. Unknown race was excluded from race analyses because of small sample size. Age-adjusted incidence (age adjusted to the 2000 US standard population) according to the calendar year at diagnosis was calculated for males, females, whites, and blacks separately. SEER*Stat 8.0.4 Joinpoint regression analysis was used to calculate annual percent change (APC) in incidence rates over time for all population subsets (whole population, male, female, white, black). Agespecific incidences for the entire DFSP population and by sex and race were also calculated. (Table 1 ). In females, trunk was the most common anatomic location for all age groups (Table 1 ). In males, the proportion of cases located at the head increased from 14.1% in males younger than 60 years to 21.6% in males aged 60 to 79 years and 42.6% of cases in males 80 years and older (Table 1) .
Staging data for DFSP are limited to an LRD staging system: localized (confined entirely to the organ of origin), regional (extends beyond the limits of the organ or origin directly into surrounding organs or tissues or into regional lymph nodes), or distant (spread to parts of body remote from the primary tumor either by direct extension or discontinuous metastasis). A total of 3,792 cases were localized, 2,314 were regional, 37 were distant, and 674 were unstaged. Of cases reported as distant, 22 were male and 15 female; 25 occurred in whites, 10 in blacks, and 2 in other races. Histological grade was not reported for the majority of cases. There were 128 cases of the rare pigmented variant of DFSP (Bednar tumor), of which 44.5% were male and 55.5% female. Fiftyseven percent of Bednar tumors occurred in whites, 28.9% blacks, 10.2% other, and 3.9% unknown. Anatomically, 33.6% were on the trunk, 28.1% on the upper limb, 28.9% on the lower limb, 8.6% on the head, and 0.8% other.
Overall annual incidence rate of DFSP from 2000 to 2010 was 4.1 persons per million person-years. Incidence among women from 2000 to 2010 was 1.14 times higher than men (95% confidence interval [CI], 1.07-1.22). Overall incidence rates were 3.6 for all whites (3.4 for men and 3.9 for women) and 7.1 for all blacks (6.9 for men and 7.4 for women). Incidence among blacks was almost 2 times higher than among whites (95% CI, 1.81-2.14). When analyzed by registry, overall incidence rates were highest in the Detroit (Metro) (5.6; 95% CI, 4.9-6.3; p < .01) and Utah (6.3; 95% CI, 5.3-7.4; p < .01) regions when compared with the reference category ( Figure 1 ).
Age-adjusted annual incidence of primary DFSP dropped from 4.1 in 2000 to 3.1 in 2010, but timetrend analysis showed that there was no significant change in incidence over the decade. Incidence among women was greater than or equal to incidence among men in all years except 2001. Time-trend analysis showed incidence among men declined from 2000 to 2006 with an APC of 24.0% (95% CI, 25.9% to 22.0%) but then leveled off between 2006 and 2010. Incidence among women remained steady over the entire decade. Incidence among blacks was higher than whites for all years during the decade (Figure 2 ). There was no change in incidence in either racial group over the decade.
Age-specific incidence of primary DFSP is presented in Figure 3 . The highest age-specific annual incidence rates (7.0) were observed between the ages of 35 and 44 years when the population was analyzed as a whole ( Figure 3) . When analyzed by race, incidence among blacks was higher than whites in all age groups, with a peak incidence of 10.4 occurring in blacks between ages 45 and 49 years ( Figure 3 ). When men and women were analyzed separately, peak incidence still occurred in the third and fourth decades for each sex. Among the younger population (ages, 10-54 years), women had a higher incidence compared with men, but among people older than 75 years, men had a higher incidence compared with women.
Five-year observed survival was 96.2% (95% CI, 95.7-96.6) for all cases, whereas 5-year relative survival rate was 99.8% (95% CI, 98.4-100.0). Ten-year observed survival was 91.1% (95% CI, 90.2-91.9) for all cases, whereas 10-year relative survival rate was 99.1% (95% CI, 97.6-99.7).
Hazard ratios and 95% CIs for DFSP controlling for age, race, sex, and anatomic site are shown in Table 2 .
Increasing age was associated with increased mortality (Table 2) . Men with DFSP were at 1.5 times higher risk for all-cause death than women (HR = 1.5; 95% CI, 1.3-1.7), and blacks with DFSP were at 1.7 times higher risk for all-cause death than whites (HR = 1.7; 95% CI, 1.4-2.0) ( Table 2 ). Anatomic location of the upper limb, lower limb, and head were associated with higher mortality as compared with the most common location of the trunk (Table 2) .
Using the cause-specific death variable in SEER*Stat 8.0.4, 92 cases of DFSP were identified to have died of DFSP. The characteristics of these 92 patients whose cause of death is DFSP are shown in Table 3 . About 41.3% of deaths were diagnosed between the ages of 40 and 59 years, 69.6% were white, 54.3% were male, and 34.8% had tumors on their trunk (Table 3) . 
Discussion
This study is the largest US population-based study of DFSP to date. The authors used data from 18 registries of the SEER database over an 11-year period. SEER-18 now accounts for 27.8% of the US population. Previous studies have used data from SEER-9, which now accounts for only 9.4% of the US population. Using the SEER program, the authors were able to gather a large number of cases of a rare disease and perform population-based analyses with statistical significance.
Primary DFSP is a rare disease with an overall estimated age-adjusted incidence of 4.1 per million person-years. This is similar to the most recent reports of DFSP incidence in the United States. 7, 8, 12 Population-based studies in Canada and France have reported that the overall incidence of DFSP was 9.3 and 3.0, respectively. The authors have no explanation for these geographical differences in incidence. Although recent data have suggested that the incidence of primary DFSP is rising, specifically among females and whites, 7, 8 the data show that incidence has remained steady over the last decade and has not changed for either sex or race. This is in contrast to the rapid increase in incidence of melanoma and most nonmelanoma skin cancers observed in the last few decades. [13] [14] [15] Recent studies of DFSP using SEER have shown no significant difference in incidence between men and women, 7, 12 and multiple earlier studies reported higher incidence in men than women. [16] [17] [18] The authors showed that incidence among women is slightly higher than men, and this finding was statistically significant. Dermatofibrosarcoma protuberans incidence is highest among people in the third and fourth decades of life, younger than has previously been reported. 7, 8 Overall incidence among blacks is even higher than previously reported 7, 8, 12 and is twice that of whites.
This racial discrepancy was more pronounced in blacks aged 45 to 49 years, for which incidence reached 3.5 times that of the population as a whole.
A recent study has shown people with DFSP to be at increased risk for female hormone-related cancers, including breast and soft-tissue cancers, suggesting a possible hormonal association to the development of DFSP. 19 Hormones could explain the higher incidence of DFSP among women and among blacks, as studies have shown that blacks men and black women have higher estrogen levels than white men and white women, respectively. 20, 21 The data support previous findings that the trunk is the most common anatomic location of this tumor, 7, 12, 22 followed by upper limb, lower limb, head, and genitals. This was true of both sexes and all age groups except men older than 80 years of age for which the proportion of cases at the head was greatest. The proportion of the tumors on the head gradually increased with age in men, but this pattern was not seen in women. Interestingly, the same pattern has been noted in men with Merkel cell carcinoma, but an explanation has not been fully elucidated. 23 Published data on DFSP survival are limited. Dermatofibrosarcoma protuberans remains a disease of low mortality with relative 10-year survival of 99.1%. This is comparable with previous reports of DFSP survival. 7 Advanced age at diagnosis decreased survival independently from sex, race, and anatomic site. The data indicate that male sex, black race, and localization on the head and limbs are negative predictors of survival, whereas localization on the trunk, the most common location, is a positive predictor of survival.
The authors used a new cause-specific death classification implemented by SEER in 2008 to identify all deaths in the cohort attributable to DFSP. The code allows them to capture all deaths related to a specific cause but not necessarily coded as such. One previous SEER study of DFSP described only 8 deaths caused by "nonmelanoma skin cancer" of 2,885 DFSP cases. 7 The authors were able to capture 92 deaths attributable to DFSP of 6,817 total DFSP cases, suggesting that there are more deaths that can be attributed to death by DFSP than originally thought.
Limitations of this study include lack of verification of individual diagnoses and limited follow-up on each case in the SEER program. There also may be differences in reporting and follow-up among the 18 different SEER registries.
In conclusion, this is the largest population-based study of DFSP to date. Incidence of DFSP has remained steady over the last decade and is highest among blacks and women. Dermatofibrosarcoma protuberans is a rare cutaneous sarcoma with unknown etiology and a demographic profile that differs from other skin malignancies. Recognition of these differences may provide insight into the etiology of DFSP in hopes of preventing this disease in the future.
